The purpose of this investigation was to study children's exposure to background noise at the ears during a normal day at the day care center and also to relate this to a perceptual evaluation of voice quality. Ten children, from three day care centers, with no history of hearing and speech problems or frequent infections were selected as subjects. A binaural recording technique was used with two microphones placed on both sides of the subject's head, at equal distance from the mouth. A portable digital audio tape (DAT) recorder (Sony TCD-D 100, Stockholm, Sweden) was attached to the subject's waist. Three recordings were made for each child during the day. Each recording was calibrated and started with three repetitions of three sentences containing only sonorants. The recording technique allowed separate analyses of the background noise level and of the sound pressure level (SPL) of each subjects' own voice. Results showed a mean background noise level for the three day care centers at 82.6 dBA Leq, ranging from 81.5 to 83.6 dBA Leq. Day care center no. 2 had the highest mean value and also the highest value at any separate recording session with a mean background noise level of 85.4 dBA Leq during the noontime recordings. Perceptual evaluation showed that the children attending this day care center also received higher values on the following voice characteristics: hoarseness, breathiness, and hyperfunction. Girls increased their loudness level during the day, whereas for boys no such change could be observed.
Introduction
Voice plays an important role in human communication. According to Laukkanen, about 43% of the total Finnish labor force is dependent on a functioning voice in their everyday work.
1 A dysfunctional voice has been found to be a serious social and psychological handicap. 2 It seems reasonable to assume that vocal habits are established during childhood. Thus, many undesirable vocal habits may originate as early as in infancy and continue into adult life. 3 In that light, studies of vocal behavior in relation to environmental factors typical for children seem important.
In a previous study of 10-year-old children's voices, it was found that those who attended after-school care had dysfunctional voices more often than children who did not. [4] and [5] Some of these children had chronic problems, that is, the hoarseness lasted for at least 2 months. 5 A correlation was also found between vocal dysfunction and children who attended preschool day cares. Also short-term group activities have been found to affect vocal quality in children. A study of voice quality pre-and postsummer camp showed an increased hoarseness on camp termination. 6 It is possible that the effort involved in "making yourself heard" in larger groups required in most day cares with high noise levels and a lack of acoustic absorbents, is detrimental to developing voices.
However, boys and girls do not seem to behave uniformly with respect to voice problems.
Several studies report that boys have voice problems more often than girls. [4] , [5] and [7] After puberty this gender difference is reversed. 8 In the study of 10-year-old children, boys and girls typically displayed different voice-quality characteristics, where girls tended to have a breathier voice and boys tended to have a more hyperfunctional voice quality. [9] and [10] To date, no evidence of gender differences in vocal anatomy has been found in young children. Hence, the difference in voice quality between boys and girls may be attributed to diverging role models, where girls aim for a typical female voice with a more breathy quality. [11] and [12] However, compared to adults, children's larynxes are not just scaled-down versions. 13 The differences also include structure. During puberty, the vocal fold growth involves a differentiation into a layered structure. This maturation process of the muscle, ligament, and cover of the vocal folds is not completed until after puberty. 14 It has been
proposed that this structural difference may cause children to be more prone to tissue reactions because of vocal abuse. [15] and [16] In adult voices, high background noise levels have been found to influence several vocal parameters such as loudness, subglottal pressure, 17 fundamental frequency, [18] , [19] , [20] , [21] , [22] and [23] and voice quality. 24 Does the same pattern apply also for children? Because this is largely an unexplored field, it seems particularly important to investigate the effects of noise on the developing voice, considering this is the period when future vocal habits are being established.
Background noise has been found to be one of the main environmental problems in today's society. 25 For children, the preschool or school constitute a large part of the daily However, children seem to be more sensitive to background noise and need up to 5 dB lower noise levels to perceive 95% of the same speech material as the adults. 32 Full sentence intelligibility in listeners with normal hearing require the signal-to-noise ratio (ie, the difference between the speech level and the sound level of the interfering noise) to be at least 15 dBA. Because, typically, the SPL of normal speech is about 50 dBA at a listener's ears, ambient noise with sound levels of 35 dBA or more reduces the intelligibility of normal speech. 33 The aim of the present study was twofold: (1) to investigate the actual noise levels that children are exposed to at the level of the ears during a normal day in a day care setting and (2) to study the effects of a day at the day care on vocal parameters by perceptual evaluation of voice quality.
The study is part of a larger investigation "BUG."
1
Material and methods

Subjects
Three day cares were selected in Linköping, a university town with approximately 135 000 inhabitants in the southeastern part of Sweden. The day cares were selected to represent different socioeconomic areas. An information sheet was sent to the day care centers and distributed to the parents of children aged 5 years. Several parents were interested in the participation of their child. Eleven children with no history of hearing or speech problems, or frequent ear , nose , and throat infections were selected as subjects. An informed consent form was signed by the parents together with a short survey regarding the selection criteria.
Thus, 11 5-year-old children, five girls and six boys were selected.
Recording method
A binaural recording technique was used to record the background noise and the subjects own voice simultaneously. Two omnidirectional electret condenser microphones (TCM 110, AAvideo, Linköping, Sweden) were used and placed directly in front of the ears on each child, at equal distance from the mouth. The mouth to microphone distance varied from 4, 5 to 6 cm across subjects. Before analyses, the microphone distance was normalized to 15 cm for all subjects. Symmetrical placement of the microphones was vital to record the subjects' own voice at an equal SPL and phase in both microphones. The signal was recorded on a DAT tape recorder. The recorder was placed in a small waist bag worn by the child. The recordings were calibrated at 90-92 dB using a sustained vowel and a sound-level meter (Brüel and Kjaer 2215, Borås, Sweden).
The investigation was conducted as a field study to record the children's vocal behavior in a natural setting and with natural background noise. The children were recorded three times during a normal day at the day care center. All recordings were gathered by the same test leader. Each recording session started with a calibration of the loudness level. The first recording was on arrival followed by circle meeting activities with 14-18 children led by 2-3 preschool teachers. The activities consisted of a presentation of the days schedule and also some games, rhymes, and singing. The second recording was 1 hour later, during lunch, and during activities after lunch such as rest or silent play. The third recording was made in the afternoon during free-play indoors. One child's recordings had to be discarded because of problems with the recording equipment, leaving a total of 10 children's recordings from three day care centers, six boys and four girls. Three subjects attended day care center nos. 1 and 3, respectively, and four subjects attended day care center no. 2.
The background noise levels were measured at each day care center and recording session.
The relationship of background noise levels and sound pressure level (SPL) in the vocal output; voice-quality variation over the day evaluated by means of a listening test; differences between boys and girls regarding these parameters; and the relationship between the vocal parameters and the background noise levels at the three day care centers were also measured.
The children's voices were separated from the background noise using the software Aura developed by Granqvist. 34 The separated recordings were then stored in individual computer files. This made it possible to do the perceptual evaluation and also to measure SPLs in the children's voices and in the background noise separately. The SPL measurements for both the children's voices and background noise were calculated from the separated channels supplied by Aura. The equivalent SPL for background noise was measured in both dBA and dB without the A-weighting. The equivalent SPL for the children's voices were measured in dB without the A-weighting because this measure has been found to be the most appropriate for voice production. 35 Because of ceiling effects occurring at 116 dB, the maximum SPL level for the children's own voices and background noise were set to 114 dB. This results in an underestimate of loudness levels particularly affecting the self-measures.
Speech material
The speech material analyzed in the present study consisted of three repetitions of three short sentences at the beginning of each recording. The sentences consisted of only sonorants, "A blue car. A yellow car. A red car" ("En blå bil. En gul bil. En röd bil."). The instructions were
given by a female test leader in normal pitch and loudness. To reduce the imitation of intonation and pitch level, the instruction was "Can you say a blue car. A yellow car. A red car?" When the child had done this once, he or she was asked to say it again three times. The last two repetitions were used in the analysis. The sentences had not been previously rehearsed.
Perceptual evaluation
The randomized recordings of each child and the repeated sentences were perceptually analyzed by a group consisting of three expert listeners, all speech and language pathologists working with voice disorders. In the evaluation protocol, all parameters were represented by a 100-mm visual analog scale except pitch which was represented by a 200-mm line with very high and very low marked, respectively, at the extremes. [4] and [36] The other parameters were hoarseness, breathiness, roughness, hyperfunction, and an open parameter to offer other options to the raters if necessary (Appendix 1). The choice of parameters was based on previous studies of children's voices. [4] and [5] Three repetitions of each set of sentences were presented to the listener on a computer using Sennheiser PX200 headphones (AA-video, Linköping, Sweden). Thus, the listeners rated 30 voice samples each.
Statistical analysis
Results were analyzed using SPSS 15.0 and Mann-Whitney U test, Kruskal-Wallis, and
Spearman's rank correlation for nonparametric data. A linear trend analysis was performed in
Microsoft Office Excel 2003 for the parametric data.
Ethical approval
Before data collection, ethical approval was received from the Research Ethical Committee at Linköping University, no. 03-173.
Results
The total recording time for each child varied between 125 and 193 minutes. The mean allday noise level for the three day care centers was 82.6 dBA Leq, ranging from 81.5 to 83.6 dBA Leq. The highest mean value for any day care center throughout the day was observed during noon-/lunchtime at day care center no. 2 with a mean value from four separate recordings of 85.4 dBA Leq. The overall mean background noise level for the three day cares across recording sessions are shown in Figure 1 . The differences in background noise levels between day care centers did not reach significance according to a KruskalWallis test. However, the lunchtime value for day care center no. 2 showed a tendency with P = 0.09.
Figure 1. Mean background noise levels for the three day care centers across the three recording session and all-day mean values. Notice the high mean noise level during the noon recordings at day care center no. 2. In day care center no. 1, there is a clear decrease of background noise over the day.
To compare the present data on background noise levels with that of a previous investigation of preschool teachers using the same binaural recording procedure and equipment, our data were plotted against equivalent data from Södersten et al 23 ( Figure 2) . The values found in the present study are higher throughout.
Results from the perceptual evaluation of voice quality showed highest mean values throughout for day care center no. 2 ( Figures 3A-D) . The three most prevalent voice characteristics were hoarseness, breathiness, and hyperfunction. Roughness was present to a smaller extent as can be seen in Figure 3D . A statistical analysis of correlation using Spearman's rank correlation showed that hoarseness correlated with the perceptual parameters hyperfunction and breathiness at 0.81 and 0.91, respectively. The correlations were significant at P < 0.001. In Figure 4 , the mean loudness levels for boys and girls depending on recording session are shown. Girls show a clear increase in loudness over the day with a linear regression at r 2 = 0.9838. For boys, no such trend could be observed.
In Figure 4, the mean loudness levels for boys and girls depending on recording session are shown. Girls show a clear increase in loudness over the day with a linear regression at r2 = 0.9838. For boys, no such trend could be observed.
For girls, an increase in the mean perceptual ratings for the parameters hyperfunction and breathiness during the day could be observed ( Figure 5 ). The change was most obvious between the morning and lunch recordings. None of these changes were statistically significant. For the parameter hoarseness, the highest value was observed during lunchtime.
For boys, the hoarseness and hyperfunction showed a minor increase during the day, however, still to a lower level than those for girls ( Figure 6 ). For girls, the perceptual parameters hyperfunction, breathiness, and roughness correlated with hoarseness at 0.914, 0.868, and 0.84, respectively. All correlations were significant at P < 0.001. For boys, only hyperfunction and breathiness correlated with hoarseness at 0.673 and 0.786, respectively.
The correlations were significant at P = 0.002 for hyperfunction and at P < 0.001 for breathiness. None of the differences between boys and girls were significant according to a
Mann-Whitney U test. 
Discussion
High background noise levels were observed in all three day care centers. For day care center no. 2, the ambient noise level exceeded the level above which hearing protection is normally advised. However, the method of recording background noise in the present study is not comparable to most studies of noise in work environments, because the children themselves and their activities constitute the main noise source. A correlation between the number of children present and recorded noise levels has been found previously. An increase from six to 12 children resulted in a raise between 1 and 6 dBA. 26 It is well known that noise exposure may lead to hearing impairment. If the noise exposure is concentrated to shorter periods during the day, the basic criterion of 75 dB Leq during an 8-hour working day implies that the risk would also be negligible with a 4-hour exposure to 78 dBA, a 2-hour exposure to 81 dBA, and a 1-hour exposure to 84 dBA. Conversely, if additional exposure occurs outside the 8 working hours, for example, as a result of commuting to work or leisure activities, the limit of safe exposure, despite the lack of conclusive evidence, may be estimated to be 70 dB Leq averaged over a 24-hour day. 25 This would imply that the children are at a risk of developing hearing impairment because of the mean noise exposure above 81 dBA Leq for all three day care centers. According to the EU safety directives for workers, hearing protection should be provided in environments with noise levels at or above 80 dBA Leq for 8 hours. 37 Children at day care centers are not incorporated in these safety regulations.
The noise levels in the present study were clearly higher than those found in a previous study of adult preschool teachers using an identical recording procedure. 23 Several factors may contribute to these differences. Because the children themselves constitute the primary noise source, one obvious explanation is the distance from the noise source, where adults are further from the playing children and also roughly twice as tall. The difference in height alone would correspond to approximately a 6-dB reduction in noise exposure, which is almost exactly the difference between our observed mean noise levels at 82.6 dBA Leq and the results observed by Södersten et al 23 at 76.1 dBA Leq.
Different patterns were observed for boys and girls with regard to vocal loudness. Girls get louder as the day progresses but no such change could be observed for boys because they are rather loud all the way through. The perceptual evaluation of the girls' voices show higher values on breathiness, hyperfunction, and roughness at the end of the day; for boys, this is true for hyperfunction and for roughness there is even a minor decrease. However, as indicated by the large standard deviation, there are large individual differences in the material, especially for the girls. Because the boys are already loud in the morning, it is possible that some girls try to "compete" to be heard, driving the increase over the day. Could this variation in loudness contribute to the adverse effects being more apparent in the girls' voices? Highest mean values for background noise and also for the perceptual voice parameters were found in day care center no. 2. This corroborates the link between high background noise levels and voice problems despite the lack of significant differences between gender and day care centers.
This study indicates that a day at the day care center can induce both audible and measurable effects on children's voices. Considering the increased number of children attending day care centers and also the increased number of children in the day care center groups, this is indeed an important finding. Whether these effects also are long term cannot be concluded from the present study. On the other hand, higher values on deviant voice characteristics throughout for day care center no. 2 together with the highest noise levels may be interpreted in that direction. Despite the small number and large individual variations in the present study, results clearly indicate detrimental effects on children's voice quality that need to be investigated further on a larger group of participants.
